General formulas for computing the radiation force exerted on arbitrarily oriented and arbitrarily shaped nonspherical particles due to scattering, absorption, and emission of electromagnetic radiation are derived. For randomly oriented particles with a plane of symmetry, the formula for the average radiation force caused by the particle response to external illumination reduces to the standard Debye formula derived from the Lorenz-Mie theory, whereas the average radiation force caused by emission vanishes.
It is well known that a particle illuminated by a beam of light experiences a force called radiation pressure. This phenomenon is used in laboratories to levitate and size small particles [1, 2] and affects the spatial distribution of interstellar and circumstellar dust grains [3] [4] [5] 
where E is the electric and H the magnetic field, B is the magnetic induction, e0 is the electric permittivity and go the magnetic permeability of free space, c = 1/e_og % is the speed of light in a vacuum, i is the identity dyad, and ® denotes a dydic product of two vectors. The time average of the Maxwell stress tensor is
where * denotes a complex-conjugate value. It is convenient to choose for S a sphere centered at the scattering object and having a radius r big enough to be in the far-field zone so that the scattered wave is spherical [7] . Then Eq. (1) becomes
where _ = r/r.
The total electric and magnetic fields at r are vector sums of the respective incident ("inc") and scattered Csca") components given by [8] E inc (r) = E_ nc exp(ikh inc. r)
is the wave number in the surrounding medium, and h inc is the unit vector in the incidence direction.
Because the incident and scattered fields are transverse, the first and second terms in square brackets on the right-hand side of Eq. (3) do not contribute to the integral in Eq. (4). We thus have
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The terms
and are constants independent of r, and their contribution to F l is simply zero. The contribution of the remaining terms follows from Eqs. (5)-(8) and the vector 
is the asymmetry parameter,
is the total scattering cross section, and the quantity
is the cross section for radiation pressure. is the Planck blackbody energy distribution [9] . [Note that the particle is assumed to be isothermal, which should be appropriate for micron-sized particles exposed to radiation sources of moderate strength.] Unlike F l , the emission component of the radiation force depends on the particle temperature.
The total radiation force exerted on the particle is the vector sum of the component caused Note that for particles in a vacuum, the particle temperature is linked to the incident radiation because the total absorption of electromagnetic radiation by a particle must be balanced by the total particle emission. In this sense, the forces F t and F 2 are coupled -both arise from the incident radiation. Anderson.
